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(54) Magnetic bearing device 

(57) A magnetic bearing device has an object levi- 
tated in an arbitrary position between confronting elec- 
tromagnets. Positional displacement sensors detect a 
positional displacement of the object When the electro- 
magnets are successively energized, the object is 
moved in a mechanically movable maximum range 
between the electromagnets, and maximum and mini- 
mum values of a detected positional displacement sig- 
nal from the positional displacement sensors are 
detected. A middle value between the maximum and 



minimum values is calculated and cc^pared with a 
threshold level. An adjustment signal is applied to an 
offset con-ector which produces an offset-con'ected sig- 
nal from the detected positional displacement signal, so 
as to substantially eliminate the difference between the 
middle value and the threshold level so that the middle 
value represents a position in which the object is to be 
levitated between the electromagnets. 
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Descripti n 

BACKGROUND OF THE INVEMTION 

Reld of the Invention: s 

[0001] The present invention relates to a magnetic 
bearing device for levitating an object in an arbitrary 
position oat of contact with electromagnets under mag- 
netic attractive or repulsive forces generated by the 
e lectrorr^gn ets. 

Description of the Related Art 

[0002] FIG. 1 of the accompanying drawings shows 
a conventional magnetic bearing device. As shown in 
FIG. 1 , the conventional magnetic bearing device com- 
prises a magnetizable object 105 to be levitated, a pair 
of electromagnets 101, 102 for generating magnetic 
forces to levitate arKi support the object 1 05, and a pair 
of positional displacement sensors 103, 104 for detect- 
ing a positional displacement of the object 105. The 
object 105 is disposed between the electromagnets 
101, 102 and also between the positional displacement 
sensors 1 03, 1 04. 

[0003] The object 1 05 is subject to electromagnetic 
attractive or repulsive forces generated by the electro- 
magnets 101, 102. The electromagnetic attractive or 
repulsive forces generated by the electromagnets 101, 
1 02 are compensated for by a control circuit based on a 
detected positional displacement signal produced by 
the positional displacement sensors 103, 104. The 
object 105 is levitated and supplied under the electro- 
magnetic attractive or repulsive forces generated by the 
electromagnets 101, 102. 

[0004] The control drcuit 1 1 1 comprises a sensor 
circuit 110, a compensating circuit 108, and a driver 
1 09. The sensor circuit 1 1 0 comprises an offset correc- 
tor 106 and a sensor gain adjuster 107. 
[0005] The detected positional displacement signal 
produced by the positional displacement sensors 1 03, 
1 04 is compared with a threshold level preset in the sen- 
sor circuit 1 1 0, and a differential signal is compensated 
for t>y the compensating circuit 108 to control the driver 
1 09 to apply drive signals to the electromagnets 1 01 , 
102 so as to levitate and support the object 105 in a 
desired position between the electromagnets 1 01 , 1 02. 
[0006] The threshold level is preset so as to be sut>- 
stantially equal to the detected positional displacement 
signal produced by the positional displacement sensors 
1 03, 1 04 when the object 105 is positioned at the center 
of a levitation range between the electromagnets 101, 
102. The driver 109 energizes the electromagnets 101, 
1 02 to levitate and support the object 105 so as to min- 
imize the differential signal between the threshold level 55 
and the detected positional displacement signal. 
[0007] In order to preset the threshold level, it has 
heretofore been customary to manually move the object 



1 05 or move the object 1 05 under magnetic forces from 
the electromagnets 101, 102, in a mechanically mova- 
ble maximum rang b tween the lectromagnets 101, 
1 02. The offset connector 1 06 calculates a middl value 
of the detected po^onal displacement signal from 
maximum and minimum values of the detected pod- 
tional displac^ent signal which are produced by the 
positional displacement sensors 103, 104 when the 
object 105 is thus moved. The calculated middle value 
is used as the threshold level or zero point 
[0008] If the magnetic bearing device is very large 
or very long or if the object 1 05 to be levitated cannot be 
touched, then it is practically impossible to move the 
object 1 05 manually in the mechanically movable maxi- 
mum range between the electn^agnets 1 01, 102. 
[0009] Adjusting the levitated position of the object 
1 05 under magnetic forces produced by the electromag- 
nets 101, 102 also needs special care. Specifically, rf 
the positional displacement sensors 103, 104 have 
inaccurate output characteristics due to mechanical 
dimensional errors or individual variations of the posi- 
tional displacement sensors 103, 104, or either the 
magnetic bearing mechanism or the control circuit 1 1 1 
is replaced at the time of maintenance of the magnetic 
bearing device, then it is necessary to adjust the levi- 
tated position of the object 1 05 In the magnetic bearing 
mechanism with the control drcuit 1 1 1 to be used in a 
new combination. 

[0010] The magnetic bearing device has auxiliary 
supports (auxiliary bearing) for contacting and sup- 
porting the object 105 in case the object 1 05 is held at 
rest while being levitated or the levitation control proc- 
ess suffers a malfunction. If the auxiliary supports are 
damaged, broken or excessively worn to the extent that 
they fail to perform their own function, tiien such a fail- 
ure cannot be detected while the magnetic bearing 
mechanism remains assembled. 

SUMMARY OF THE INVENTION 

[001 1 ] It is therefore an object of the present inven- 
tion to provide a magnetic bearing device which makes 
it easy to adjust a preset level for the levitated position 
of an object to be levitated and which is capable of eas- 
ily detecting deformation or wear of an auxiliary support 
for the object to be levitated. 

[0012] To achieve the above object, there is pro- 
vided a magnetic bearing device comprising a pair of 
electromagnets, a magnetizable object to be levitated 
which is disposed between the electromagnets, a pair of 
positional displacement sensors for detecting a posi- 
tional displacement of the object, and a control circuit 
responsive to a detected positional displacement signal 
from the positional displacement sensors, for outputting 
a contirol current to control magnetic attractive or repul- 
sive forces produced by the electromagnets to levitate 
the object in an arbitrary position between tiie electro- 
magnets out of contact therewitii, the control drcuit 
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comprising offset correcting nieans for producing an off- 
set-c(»Tected signal from the detected positional dis- 
placement signal from the positional displacement 
sensors, position compensating means for compensat- 
ing for the offset-corrected signal from th offs t cor- 
recting means, a driver responsive to a compensated 
signal from the position compensating means for apply- 
ing a drive signal to energize the electromagnets, con- 
trol means for controlling the driver to successively 
energize the electromagnets to move the object in a 
mechank^lly movable maximum range between the 
electromagnets, detecting maximum and minimum val- 
ues of the detected positional displacement signal from 
the positional displacement sensors, calculating a mid- 
dle value between the maximum and minimum values, 
and comparing the middle value with a predetermined 
threshold level, and output adjusting means for adjust- 
ing the offset-corrected signal from the offset con-ecting 
means to substantially eliminate the difference between 
the middle value and the threshold level so that the mid- 
dle value represents a position in which the object is to 
be levitated between the electromagnets. 
[0013] The control circuit may further comprise 
means for selectively entering a manual or automatic 
setting process command to perform a process of con- 
trolling said control means to control said driver to suc- 
cessh^ly energize said electromagnets to move ^d 
object in a mechank:ally movable maximum range 
between said electromagnet, detect maximum and 
minimum values of the detected positional displace- 
ment signal, calculate the middle value between said 
maximum and minimum values, and compare said mid- 
dle value with a predetermined threshold level, and said 
output adjusting means to adjust the offset-corrected 
signal to substantially eliminate the difference between 
said middle value and said threshold level. 
[0014] The magnetic bearing device may further 
comprise a pair of auxiliary supports for limiting a mov- 
able range of the object, and the control drcurt may fur- 
ther comprise means for monitoring a change in the 
maximum and minimum values of the detected posi- 
tional displacement signal when the object is moved in 
the mechank^ally movable maximum range between the 
electromagnets, thereby to detect when the auxiliary 
supports suffer a failure. 

[0015] By successively energizing the electromag- 
nets, the object is moved in the mechanically movable 
maximum range between the electromagnets. At this 
time, maximum and minimum values of the detected 
positional displacement signal from the positional dis- 
placement sensors are detected, and a middle value 
between the maximum and minimum values is calcu- 
lated and compared with a threshold level to determine 
a position in which the object Is to be levitated. An 
adjustment signal is applied to the offset correcting 
means to substantially eliminate the difference between 
the middle value and the threshold level. With this 
arrangement, it is possible to levitate and support the 



object in a desired position even if the magnetic b aring 
devk^e is very large or very long or if the object to be lev- 
itated cannot be touched. 

[0016] Even if the positional displacem nt sensors 

5 have irmccurate output characteristbs due to mechani- 
cal dimensional enors r individual variations of the 
positional displacement sensors, or individual compo- 
nents of the magnetic bearing mechanism and the con- 
trol circuit need to be replaced, the positional 

10 displacement sensors can be adjusted in a reduced 
period of time, and any burden imposed on the operator 
for such an adjustment is reduced. 
[0017] It is also possible to detect when the auxil- 
iary supports are damaged, broken or excessively worn 

IS based on a maximum change in the detected positi'onal 
displacement signals while in the atx>ve process of 
determining the target levitated position of the object. 
[0018] The above and other objects, features, and 
advantages of the present invention will become appar- 

20 ent from the following description when taken in con- 
junction with the accompanying drawings whk:h 
illustrate a pretend embodiment of the present inven- 
tion by way of example. 

25 BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] 

FIG. 1 is a view, partly in block form, of a conven- 

30 tional magnetic bearing devbe; 

FIG. 2A is a view, partly in block form, of a magnetic 
t)earing device according to the present invention; 
FIG. 2B is a diagram showing the layout of electro- 
magnets in X- and Y-axis directions of the magnetic 

35 bearing devk^; 

FIG. 3 is a detailed block diagram of a sensor circuit 
of the magnetk; bearing devk^e shown in FIG. 2A; 
FIG. 4 is a diagram showing an electromagnetic 
force vector acting on an object to be levitated 

40 under electromagnet'ic attractive or rapulsive 
forces; and 

FIG. 5 is a flowchart of an automatic adjustment 
control sequence of an automata adjustment con- 
trol circuit of the magnetk: bearing device shown in 
45 FIG. 2A. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMEISTT 

50 [0020] As shown in FIG. 2A, a magnetk: bearing 
device according to the present invention comprises two 
pairs of confronting electromagnets 1 , 2, 3, 4 for levitat- 
ing and supporting a magnetizable object 9 to be levi- 
tated which IS disposed between the confronting 

55 electromagnets, two pairs of positional displacement 
sensors 5, 6, 7, 8 for detecting a positional displace- 
ment of the object 9, and two pairs of auxiliary supports 
(auxiliary bearings) 10, 11 for supporting the object 9 
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when the object 9 is not levitated by the let^niagnets 
1 , 2, 3, 4. The lectromagnets 1 , 2. 3, 4, th positional 
displacement sensors 5, 6. 7, 8, and the auxiliary sup- 
ports 1 0, 11 jointly mak up a magnetic t>earin9 mecha- 
nfem. 5 
[0021] A detected positional displacement signal 
Ssl from the poational displacement sensors 5, 6 and 
a detected positional displacement signal Ss2 from the 
positional displacement sensors 7, 8 are applied to a 
sensor circuit 1 2. As shown in FIG. 3, the sensor ctrcurt io 
12 comprises an offset corrector 19 and a sensor gain 
adjuster 20. For the sake of brevity, only the circuit 
arrangement of the sensor circuit 12 for processing the 
detected positional displacement signal Ssl from the 
positional displacement sensors 5. 6 is illustrated in is 
FIG. 3. The offset connector 19 and the sensor gain 
adjuster 20 output a conned displacement sensor out- 
put signal Sg to a compensating circuit 13, which out- 
puts a compensated signal Sp. The compensated 
signal Sp is applied to a driver 14 that supply corre- 20 
spending cun-ents to the electromagnets 1 . 2, 3, 4. The 
electromagnets 1, 2, 3, 4 produce electromagnetic 
attractive or repulsive forces to tev'rtate the object 9 sta- 
bly. In this manner, the levitation of the object 9 is con- 
trolled through a feed-back loop. 25 
[0022] A levitated pos'rtion adjustment process, i.e., 
a process of adjusting the levitated position of the object 
9 is performed while the object 9 is not levitated, the 
compensating circuit 13 and the driver 14 are discon- 
nected to each other by a switch SW, and an oscillating 30 
circuit 1 6 is connected to the driver 1 4 by the switch SW. 
In the adjusting process, a dummy signal is applied from 
the oscillating circuit 16 to the driver 14 to enable the 
electromagnet 1 , 2, 3, 4 to generate electromagnetic 
forces that are large enough to bring the object 9 into 35 
contact with the auxiliary supports 1 0, 1 1 . 
[0023] When the dummy signal is applied from the 
oscillating drcurt 16 to the driver 14, the driver 14 
applies a sine-wave signal to electromagnetic coils 1 X, 
3X, 2X, 4X of the electromagnets 1 , 3, 2, 4 that are dis- 40 
posed on an X-axis and also applies a signal which 
leads or lags the sine-wave signal by 90*^ to electronrtag- 
netic coils 1 Y, 3Y, 2Y, 4Y of the electromagnets 1 , 3, 2, 
4 that are disposed on a Y-axis. At this time, a vector f 
(see FIG. 4) of electromagnetic forces generated by the 45 
electromagnets 1 , 3, 2, 4 and acting on the object 9 
revolves in the magnetfc bearing mechanism at a con- 
stant period corresponding to the frequency of the sine- 
wave signals, thereby nrK)ving the object 9 along the 
auxiliary supports 1 0, 1 1 . so 
[0024] During this time, an offset-connected output 
signal produced by the offset con-ector 1 9 is detected by 
an automatic adjustment control circuit 15, whfch then 
outputs an offset adjustment command CI for equaliz- 
ing the absolute values of maxinrujm and minimum val- 55 
ues of the detected positional (fisplacement signals with 
each other to the offset corrector 1 9 for thereby aligning 
a target levitated position of the object 9 with the center 



of the auxinary su^orts 10, 11. This process will be 
reforred to as an offset correctfon process. 
[0025] Then, a gain-adjusted output signal Sg from 
the sensor gain adjuster 20 is detected by the automatk: 
adjustment control circuit 15, which outputs a gain 
adjustment conrtmand C2 for setting the absolute value 
of the gain-adjusted output agnal Sg to a predeter- 
mined magnitude to the sensor gain adjuster 20 for 
thereby achieving a preset sensor sensitivity. This proc- 
ess will be reforred to as a sensor gain adjustment proc- 
ess. 

[0026] After the offset con^ion process and the 
sensor gain adjustment process, the automatic acfjust- 
ment control circu'rt 15 adds an arbrtrary value to or sub- 
tracts an arbitrary value from the offset adjustment 
command CI , and the resultant command to the offset 
corrector 1 9 for thereby levitating the object 9 to an arbi- 
trary target levitated po^on. This process is refen-ed to 
as the levitated position adjustment process. 
[0027] The levitated pos'rtion adjustment process is 
automatized as follows: An adjustment start button 18 
outputs a sensor adjustment start signal Sst to a latch 
1 7, which holds the sensor adjustment start signal Sst 
and outputs it to the swrtch SW, the oscillating circuit 1 6, 
and the automatic adjustment control circuit 15. The 
switch SW connects its contacts a, c to each other, and 
the oscillating circurt 16 outputs a sine-wave signal and 
a signal whk^h leads or lags the sine-wave signal by 90"" 
via the switch SW to the driver 14. The automata 
adjustment control circu'rt 15 now starts the levitated 
position adjustment process. 

[0028] FIG. 5 'is a flowchart of an automata adjust- 
ment control sequence of the automatic adjustment 
control circu'rt 15. As shown in FIG. 5, when the sensor 
adjustment start signal Sst is turned on, the offset 
adjustment process "is performed in step ST1 . Then, the 
sensor gain adjustment process 'is carried out in step 
ST2. Thereafter, the levitated position adjustment proc- 
ess *is performed in step ST3. Rnalty, the sensor adjust- 
ment start signal Sst \s turned off. 
[0029] When the sensor gain acQustment process 'is 
finished, the autonnatic adjustment control circu'rt 1 5 out- 
puts a sensor adjustment stop signal Soff to the latch 1 7 
to turn off the sensor adjustment start signal Sst. The 
oscillating circu'rt 1 6 "is now disabled, and the switch SW 
connects contacts a, b to each other. The magnetic 
bearing device now starts controlling the levitation of the 
object 9. 

[0030] The movable range of the object 9 that *ts 
obtained In the levitated pos'rtion adjustment process \s 
iim'rted to inner dimensions of the auxiliary supports 1 0, 
1 1 . Therefore, the maxinmjm value of the detected posi- 
tfonal d'lsplac^nent signate represents the inner dinnen- 
sions of the auxil'iary supports 1 0, 1 1 . 
[0031 ] If the auxiliary supports 10,11 which support 
the object 9 while the object 9 "is not magnetically levi- 
tated by the magnetic bearing device are damaged, bro- 
ken or excessively wom, then the detected pos'rtional 
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cfisplacement signals produced by the positional dts- 
placennent sens rs 5, 6, 7, 8 change fronn th maximum 
value thereof which is produced when the auxiliary sup- 
ports 10, 11 are normal. If th change of the detected 
positional displacement signals exceeds a precteter- 5 
mined allowable range, then an alann is issued to indi- 
cate that the auxiliary supports 1 0, 1 1 suffer a failure. 
[0032] As described above, the object 9 is mechan- 
ically moved in the range in which it can be moved by 
the electromagnets 1 , 2, 3, 4. Based on maximum and 10 
minimum values of the detected positional displace- 
ment signals produced by the electromagnets 1, 2, 3, 4, 
the process of detennining a target levitated position of 
the object 9 is canied out according to an automatic or 
manual setting process command. The magnetic bear- is 
ing device can thus be initialized automatically. It is also 
possible to detect when the auxiftary supports 1 0, 1 1 
are damaged, broken or excessively wom based on a 
max^um change in the detected po^onal displace- 
ment ^gnals while in the above process of determining 20 
the target levitated position of the object 9. 
[0033] Although a certain prefenred embodiment of 
the present Invention has been shown and described in 
detail, it should be understood that various changes and 
modifications may be made therein without departing 25 
from the scope of the appended claims. 
[0034] According to its broadest aspect the inven- 
tion relates to a magnetic bearing device comprising: a 
pair of elec^omagnets; a magnetizable object to be lev- 
itated which is disposed between said electromagnets; 30 
a pair of positional displacement sensors; and a control 
circuit responsive to a detected positional displacement 
signal. 

[0035] It should be noted that the objects and 
advantages of the invention may be attained by means 35 
of any compatible combination(s) particulariy pointed 
out in the items of the following summary of the inven- 
tion. 

SUMMARY OF THE INVENTION 40 
[0036] 

1 . A magnetic bearing device comprising: 

45 

a pair of electromagnets; 

a magnetizable object to be levitated which is 

disposed between said electromagnets; 

a pair of positional displacement sensors for 

detecting a positional displacement of said so 

object; and 

a control drouit responsive to a detected posi- 
tional displacement signal from said positional 
displacement sensors, for outputting a control 
cun-ent to control magnetic attractive or repul- 55 
sive forces produced by said electromagnets to 
levitate said object in an arbitrary position 
between said electromagnets out of contact 



therewith; 

said control drcuit comprising: 
offset cwrecting means for producing an offset- 
corrected signal from th detected positional 
displacement signal from said positional dis- 
placement sensors; 

position compensating means for compensat- 
ing for the offset-corrected signal from said off- 
set comecting means; 

a driver responsive to a compensated signal 
from said position compensating means for 
applying a drive signal to energize said electro- 
magnet; 

control means for controlling said driver to suc- 
cessively energize said electromagnets to 
move said object in a mechanically movable 
maximum range between said electromagnets, 
detecting maximum and minimum values of the 
detected positional displ^^ment signal from 
said positional displacement sensors, calculat- 
ing a middle value between said maximum and 
minimum values, and comparing said middle 
value with a predetermined threshold level; and 
output adjusting means for adjusting the offset- 
corrected signal from said offset correcting 
means to substantially eliminate the difference 
between said middle value and said threshold 
level so that said middle value represents a 
position in whbh said object is to be levitated 
between said electromagnets. 

2. A magnetic bearing device, 

wherein said control circuit further comprises 
means for selectively entering a manual or 
automatic setting process command to perform 
a process of controlling said control means to 
control said driver to successively energize 
said electromagnets to move said object in a 
mechanically movable maximum range 
between said electromagnets, detect maxi- 
mum and minimum values of the detected posi- 
tional displacement signal, calculate the middle 
value between said maximum and minimum 
values, and compare said middle value with a 
predetermined threshold level, and said output 
adjusting means to adjust the offset-corrected 
signal to substantially eliminate the difference 
between said middle value and said threshold 
level. 

3. A magnetic bearing device, 

further comprising a pair of auxiliary Supports 
for limiting a movat>le range of said object 
wherein said control circuit further comprises 
means for monitoring a change in the maxi- 
mum and minimum values of the detected ^i- 
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tlonal disptac^ent signal when said object is 
moved in th niechanically movable maximum 
range between said electromagnets, thereby to 
detect when said auxiliary supports suffer a 
failure. 5 

Claims 

1 . A magnetb bearing device compr'eing: 

10 

a pair of electromagnets; 

a magnetizable object to be levitated which is 

di^^}osed between said electromagnets; 

a pair of positional displacement sensors for 

detecting a positional displacement of said is 

object; and 

a control circuit responsive to a detected posi- 
tional displacement signal from said positlonat 
displacement sensors, for outputting a control 
cunrent to control nrmgnetic attractive or repul- 20 
sive forces produced by said electromagnets to 
levitate said object in an arbitrary position 
between said electromagnets out of contact 
therewith; 

said control circuit comprising: 25 
offset connecting means for producing an offset- 
coriBcted signal from the detected positional 
displacement signal from said positional dis- 
placement sensors; 

position compensating means for compensat- 30 
ing for the offset-corrected signal from said off- 
set correcting means; 

a driver responsive to a compensated signal 
from said position compensating means for 
applying a drive signal to energize said electro- 35 
magnets; 

control means for controlling said driver to suc- 
cessively energize said electromagnets to 
move said object in a mechanically movable 
pDaximum range between said electromagnets, 40 
detecting maximum and minimum values of the 
detected positional displacement signal from 
said positional displacement sensors, calculat- 
ing a middle value between said maximum and 
minimum values, and comparing said middle 45 
value with a predetermined threshold level; and 
output adjusting means for adjusting the offset- 
conrected signal from said offset correc^'ng 
means to substantially eliminate the difference 
between said middle value and said threshold so 
level so that said middle value represents a 
position in which said object is to be levitated 
between said electromagnets. 

2. A magnetic bearing device according to claim 1, 55 
wherein said control circuit further comprises 
means for selectively entering a manual or auto- 
matic setting process command to perform a proc- 



ess of controlling said control means to control said 
driver to successively nergiz said lectromagnets 
to move said ob]ecA in a mechanically movabi 
maximum range between said electromagnets, 
detect maximum and minimum values of th 
detected positional displacement signal, calculate 
the middle value between ^id maximum and mini- 
mum values, and compare said middle value with a 
predetermined threshold level, and said output 
adjusting means to adjust the offset-corrected «g- 
nal to substantially eliminate the difference 
between said middle value and said threshold level. 

3, A magnetic bearing device according to claim 1, 
further comprising a pair of auxil'^ry supports for 
limiting a movable range of said object, wherein 
said control circuit further comprises means for 
monitoring a change in the maximum and minimum 
values of the detected positional displacement sig- 
nal when said object is moved in the mechanically 
movable maximum range between said electro- 
magnets, thereby to detect when said auxiliary sup- 
ports suffer a failure. 

4. A magnetic bearing device comprising: 

a pair of electromagnets; 
a magnetizable object to be levitated which is 
disposed between said electromagnets; 
a pair of positional displacement sensors; and 
a control circuit responsive to a detected posi- 
tional displacement signal. 
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